Adaptive mechanisms performing at dierent levels of organization of living matter play an important role in theoretical biology. One of the important cases of such mechanisms is the protective coloration of animals, that masks them on the ground.
Introduction
The study of adaptive mechanisms at dierent levels of organization of living matter is one of the most important topics of theoretical biology. At the same time, the results of these studies in many cases have important relevance. To the full extent, this relates to one of the manifestations of adaptive mechanismsprotective coloration of animals.
Global climate changes cause the urgency of both these aspects of biological science. It should be noted that global climate changes, in general, pose many severe problems of the existence of human civilization. Among the problems related to biology are problems arising in the agricultural sector of the world economy. In particular, they make urgent the problems of creating and using new technologies of cattle breeding. We bear in mind the technologies ecient in large areas, the climate of which will become warmer and arid, but the development of the infrastructure on them for the life of a signicant permanent population is unpractical. In such situations, the eciency of the agricultural sector of the economy can be implemented through the development of cattle breeding with use of high-tech methods, for use of which a small in number sta is sucient, for remote monitoring the state of numerous herds of animals in vast, sometimes dicult-to-reach areas. Such methods use aviation, as in the case of Australia (Mulero-Pázmány et al., 2017) , including drones. We are talking about the usage of drones for controlling the movement and condition of grazing animals as well as predators and competitors, which negatively aect the grazing animals' productivity.
Organismsindicators of the ecological state of grazing placesmay also be controlled in such a manner. For example, the disappearance of shes or other animals in pounds and streams used for stock watering can serve as indicators of an poor state of their ecology.
Eective application of aviation may be prevented by the protective coloration of domestic and wild animals. For example, Australian camels belong to both of these categories.
In particular, this problem will arise during the wide economic use of relatively recently domesticated animals, which may prove economically advantageous in the described situations associated with global warming. Common elands (Taurotragus oryx ) in Askania-Nova National Park of Ukraine can be mentioned as an example. The protective mechanisms of animal coloration are very complex and are systemic in nature. This implies the use of certain approaches to mathematical modeling procedures for their study (Turing, 1952; Murray, 1981a,b; Murray and Maini, 1986; Fennell et al., 2019) . This paper aims to study the abilities of usage of new approaches described below.
1 Literature Analysis and Statement of the Problem For a long time, the coloration of animals has been of interest to representatives of dierent branches of science (Turing, 1952; Murray, 1981a,b; Murray and Maini, 1986; Endler and Mappes, 2017; Fennell et al., 2019) . They investigate multiple aspects of this problem and specied objects of the study.
The impact of certain optical phenomena inherent in the underwater environment on masking adaptation mechanisms of pelagic shes is studied in (Johnsen et al., 2014) .
The mechanisms that marine animals use for masking bioluminescence and polarization of light are described in (Marshall and Johnsen, 2017; Feller et al., 2017) .
The work (Lind et al., 2017) is devoted to the laws of the co-evolution of color vision and animals' coloration.
In (Shawkey and D'Alba, 2017) , the relationships between the mechanisms of production of substances determining the coloration of animal substances and their use were analyzed.
The parameters of the genome of their population aecting the coloration of wild animals were analyzed in (San-Jose and Roulin, 2017) .
The mechanisms of performance of the silhouette of animals' coloration (camouage) that divide the visual perception, as well as the conditions of its adaptability and environmental signicance are investigated in (Merilaita et al., 2017; Duarte et al., 2017) .
In particular, the role of coloration of boundary areas of the silhouette for the destruction of a holistic visual perception of the contour of animals is described in (Merilaita et al., 2017) .
The work (Nothdurft, 2018) is devoted to the processing of visual information by the brain. We are talking about aspects that aect the speed of various processes of visual perception.
The role of diversity at dierent levels of organization of living matter in the performance of protective animals' coloration is an important problem.
In this regard, it should be noted that the problem of the role of diversity in the performance of living systems is one of the essential problems of fundamental biology. The results of the study of this problem by environmentalists during many decades are presented in the works (Bukvareva and Aleshchenko, 2012 , 2005 , devoted to the principle of optimal diversity and research, in particular, by methods of mathematical modeling, manifestations of this principle.
The protective coloration of animals is an important and, moreover, rela-tively convenient for study, case of the performance of adaptive mechanisms.
In this case, the relationship between diversity of the system and the character of its performance plays an important role. (At the organismic, but not only at the organismic, level of organization of living matter.) Mathematical modeling as an eective tool for these mechanisms' study.
In this regard, works (Turing, 1952; Murray, 1981a,b; Murray and Maini, 1986 ) by A. Turing based on the model (Turing, 1952) play an important role.
More recently, specic mechanisms that implement such models at the molecular level of the organization of living matter were described (Kondo and Miura, 2010; Sheth et al., 2012) . We bear in mind the implementation of parameters of the periodicity of not only color but also other aspects of morphology.
In the work (Feller et al., 2017) , the authors present the results of using neural networks for the study of the performance of the protective coloration of animals. In this work, it is noted that in the case of usage of neural networks the requirements for the initial data are not so strict as for Big Data, but still quite serious.
A certain statement conrmed in (Endler and Mappes, 2017; Johnsen et al., 2014; Marshall and Johnsen, 2017; Feller et al., 2017; Lind et al., 2017; Shawkey and D'Alba, 2017; San-Jose and Roulin, 2017; Merilaita et al., 2017; Duarte et al., 2017; Nothdurft, 2018) appears to be well-grounded. It means the following. In cases when the coloration of animals serves to protection and masking, its formalized description requires approaches based on the Turing' model (Turing, 1952; Murray, 1981a,b; Murray and Maini, 1986) supplemented by others ones.
Approaches that enable to simulate the aspects of protective coloration of animals providing the adaptation to the diversity of colorimetric parameters (CPs) of their habitats should play an important role. In particular, we are keep in mind the adaptation to the diversity of plant communities in these places. Global climate changes will frequently enough create situations requiring the adaptation of animals' coloration to a high level of diversity of these CPs.
On the other hand, there might be situations creating threats to biosafety, which require decision-making in case of an acute lack of time and resources. This could include a lack of time and resources for collecting initial data for performance of decision support systems (DSS). So, mathematical approaches allowing one to develop DSSs that work with relatively small volume of data arrays are topical. This also relates, in particular, to remote methods for obtaining information about the localization and migrations of animals having masking coloration. So, the development of suciently uni-versal unmasking technologies will be required. It may be, in particular, technologies based on certain types of mathematical models of mechanisms of adaption of protective coloration of animals to diversity of their habitats.
To be exact, we talk on types of mathematical models that do not require a large amount of initial data.
In Balym et al., 2017; Vysotska et al., 2017; Bespalov et al., 2018; Nosov et al., 2018) , a new approach that satises this requirement to mathematical modeling of the protective coloration of animals is proposed. It enables to use the data with gaps and having a minimum volume. (We are talking on the number of observations that makes it possible to correctly calculate the correlation matrix between the components of a certain system). Then, with use of Discrete Models of Dynamic Systems (DMDS), on the basis of such a matrix, the structure of inter-component and within component relationships in the system can be built, due to the positive and negative eects of the components on each other and on themselves (Zholtkevych et al., 2013) . On the base of this relationships structure, an idealized trajectory of systems (ITS ) can be calculated Balym et al., 2017; Vysotska et al., 2017; Bespalov et al., 2018; Nosov et al., 2018) . This trajectory represents the dynamics of the system. In this particular case, the ITS can represent a cycle of values' change of colorimetric parameters of plant communities in animal habitats. An idealized pseudo-trajectory of the system (IPTS) can also be built. It reects a set of CPs values of the disruptive (camouage) protective coloration of an animal that provides adaptation to a specic area. (But this trajectory do not reect the real time dynamics.) In Balym et al., 2017; Vysotska et al., 2017; Bespalov et al., 2018; Nosov et al., 2018) , it was shown that animals possessing such a protective coloration can be unmasked using procedures that require only initial data for their implementation, which can be obtained by computer analysis of the components of the RGB model of digital imaginary. (In a number of cases, we can talk about digital imaginary obtained with the help of the equipment included in the package of delivery of relatively cheap and easy-to-use drones.) These methods are based on a comparative analysis of ITSs and IPTSs that was built with use of DMDS.
This comparative analysis results in revealing the dierences in diversity of values of CPs of plant background and coloration of animals. The dierences are used later for unmasking. We note once again that the protective coloration of animals is a special case of the performance of adaptive mechanisms. In this case, the role of the diversity of certain manifestations of this adaptive mechanism with the nature of its performance was investigated. In , using antelopes Taurotragus oryx as a case study, it was shown that, along with this aspect of the diversity of the living system, in this case, the degree of evenness of the values of CPs of protective color also plays a role. It should be noted that a similar systemic eect has been proposed a long time ago for use by ecologists in the analysis of the structure of biological communities (Margalef, 1968) .
We are talking on the analysis based on the Shannon index (Shannon, 1948) . It seems appropriate to analyze the aspects of diversity and evenness of the protective coloration of animals, taking into account the specic circumstances of their adaptation to a particular area.
The aim of the current study is to build mathematical models of performance of the protective coloration of an animal that depend on the specic circumstances of their adaptation to a particular area. Specically, we build the mathematical models using the parameters of the diversity of CPs' values and their evenness.
In the course of such modeling, the possibility of applying the obtained results for remote registration of animals in areas of certain types was taken into account.
To achieve this aim, the following tasks were solved:
• to build the models of the animals' protective coloration and the spatialtemporal distribution of CPs of local vegetation in the form of scatter plots in feature spaces with coordinates that reect the diversity and evenness of the values of the corresponding CPs;
• to develop the image processing procedures for diagnostics of the presence or absence of certain animals in certain types and sections of the terrain, on the basis of these models.
2
Obtained Results
This work results in the models of the protective coloration of animals and The values of following CPs reecting the tones of animals' coloration and its evenness were calculated for each microsegment:
• the value of R(R+G) G(R+G+B) ;
• the value of |RG| R+G+B .
For a set of microsegments of any segments, the following values of SCPs were calculated:
• the range of R(R+G) G(R+G+B) ;
• the range of |RG| R+G+B ;
• the mean of |R−G|
R+G+B .
These values reect the average values of evenness uniformity and diversity of tones of animals' coloration.
These system colorimetric parameters were used as coordinates of the 2DFS in which these scatter plot were built. These parameters reect the and kangaroo (Macropus rufus ) may be arranged in an ascending order. The values of above-mentioned system colorimetric parameters used in scatter plots can be also ranged in decreasing order. Namely:
• the range of the value R G R+G R+G+B ;
• the range of the |RG| R+G+B ;
• the mean of |RG|
This eect can be explained in such a way. It should be noticed that an increase in the diversity of tones destroying the integral perception of the silhouette is related to the consumption a certain resource. More specically, it means the following. An increase in the number of tones implies a decrease in the angular size of spots of dierent colors on the body of an animal. This decrease can lead to merging the visual perception of these spots. Such merging will lead to elimination of the eect of destruction of integral perception of the silhouette.
When this resource is limited (e.g., upon decrease of the animal's size and increasing the distance of its visual perception), the evenness of the protective coloration gets adaptive meaning that increases its universality. The brown coloration of many animals may be referred as an example. It provides the merging of silhouette's fragments against a plant background accompanying by relative predominance of both green chlorophylls and red-yellow-orange pigments. In the case under study, high evenness of CPs corresponds to the low value of |R−G| R+G+B .
Not only the evenness matters, but also its range and diversity are im- In accordance with the statement in , the diversity of protective coloration of an animal with a rather small probability will be larger in comparison to whole color diversity of its environment. So the probability of fact that the diversity of the protective coloration of animals will be greater than the diversity of its environment at a specify point of space and time is suciently large. Accordingly, SCPs, which are a measure of the color diversity of an animal, can be used to unmask it. In accordance with the results presented above here and, earlier, in , networks enables unmasking the animals. We used classication procedures with the following colorimetric parameters as independent parameters:
• the range of R G R+G R+G+B ;
• the mean of |RG| R+G+B .
Testing this working hypothesis on the image of carps and Australian animals gives the following results. In Table 1 the results of animals/background recognition are presented. We used classication procedures on the base of neural networks for building the classier, which distinguishes the segments with animals' bodies and background. In Table 1 
Discussion
The results of this work are considered by the authors just as preliminary.
They give, in our opinion, the basis for the following statements.
Certain parameters of diversity and evenness play a role in performing the adaptation mechanisms that disrupt the silhouette (camouage) of animals' coloration. In this regard, the results of can be conrmed and obtain further development. The works In this work that includes a specied case study with Australian animals a certain regularity of the dependence of the role of diversity and coloration evenness of animals on the situation (evolutionary history) of their adaptation to ecological niches was described.
In this paper, this regularity performs as follows. The main role in the protective coloration of animals, which process of adaptation to new ecological niches is far from complete, plays the diversity of tones. In the paper's case study, we investigated a wild (feral) Australian camel (Camelus dromedarius ). When the process of adaptation to habitat in certain ecological niches continues for a long time (millennia, as in the case of Canis lupus ), evenness parameters play an important role. Namely: in comparison with the rst case, against the background of a decrease in the variety of combinations of values and the brightness of red and green and the diversity of values of the evenness parameter |R−G| R+G+B ), we see an increase in the average value of the parameter.
For kangaroos (Macropus rufus ), a biological species that have arisen and evolved in Australia, these trends are even sharper.
The described regularity is illustrated by examples of animals, adaptation of which to ecological niches are extremely and obviously dierent in time. It is doubtful that the nature of this regularity is universal or, at least, signicantly general. Nevertheless, we hope that the models describing this regularity (in a form of scatter plots) can be useful in some cases. For example, such models can help in using the parameters of diversity and coloration evenness of animals for their detection on area.
The analysis of the models presented here in the form of scatter plots enables to advance working hypotheses regarding recognition procedures for areas where the presence of animals are highly likely. Accordingly, for animals' detection, based on the results of applying these procedures, videoinformation about these areas of the area can be automatically selectedfor verication by other methods: including with the participation of zoologists.
Recognition procedures that use these working hypotheses can be developed with usage of a set of mathematical tools. In this paper, we used neural networks for such procedures.
We can deduce that the results obtained in this work are reasonably sufcient for their application and implementation in procedures for recognition of areas with possible animals' presence.
